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(54) Method of manufacturing a MOS electrode 

(57) An embodiment of the instant invention is a 
method of fabricating a semiconductor device which 
includes a dielectric layer situated between a conduc- 
tive structure and a semiconductor substrate, the 
method comprising the steps of: forming the dielectric 
layer (layer 14) on the semiconductor substrate (sub- 
strate 12); forming the conductive structure (structure 
18) on the dielectric layer; doping the conductive struc- 
ture with boron; and doping the conductive structure 
with a dopant which inhibits the diffusion of boron. The 
semiconductor device may be a PMOS transistor or a 
capacitor. Preferably, the conductive structure is a gate 
structure. The dielectric layer is, preferably, comprised 
of a material selected from the group consisting of: an 
oxide, an oxide/oxide stack, an oxide/nitride stack, and 
an oxynitride. Preferably, the dopant which inhibits the 
diffusion of boron comprises at least one group III or 
group IV element. More specifically, it is preferably com- 
prised of: carbon, germanium, and any combination 
thereof. Preferably, the steps of doping the conductive 
structure with boron and doping the conductive struc- 
ture with a dopant which inhibits the diffusion of boron 
are accomplished substantially simultaneously, or the 
step of doping the conductive structure with boron is 
performed prior to the step of doping the conductive 
structure with a dopant which inhibits the diffusion of 
boron are accomplished substantially simultaneously. 
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1 EPO 

Description 

FIELD OF THE INVENTION 

The instant invention pertains to semiconductor 
devices, and more specifically to a process for prevent- 
ing/retarding boron diffusion through thin gate dielec- 
trics. 

BACKGROUND OF THE INVENTION 

Presently, there is a great demand for reduced 
semiconductor device dimensions to provide an 
increased density of devices, on the semiconductor 
chip, that are faster and consume less power. The scal- 
ing of the devices in the lateral dimension requires ver- 
tical scaling as well so as to achieve adequate device 
performance This vertical scaling requires the thick- 
ness of the gate dielectric to be reduced so as to pro- 
vide the required device performance. However, 
thinning of the gate dielectric provides a smaller barrier 
to dopant diffusion from the gate structure, through the 
dielectric, and into the substrate. 

In order to use lower voltage supplies, reduce 
power consumption, and maximize transistor perform- 
ance, boron doped gates are preferred for PMOS 
devices due to better short-channel control than phos- 
phorous doped gates. Phosphorous doped gates result 
in buried channel PMOS devices while boron doped 
gates yield a surface channel device. 

While boron doping of gate structures solves some 
problems it causes others, because boron is a rapid dif- 
fuser in polysilicon ("poly") and oxide. More specifically, 
because of the thermal cycles required in today's 
processing along with the continued down-scaling of the 
gate dielectrics, the diffusion of boron through the poly 
gate structure and the thin gate dielectric may cause 
damage to the underlying channel region along with 
degrading the dielectric reliability and reducing the con- 
trol over the threshold voltage of the device. Hence, with 
thinner gate oxides and shorter channel lengths, any 
boron penetration into the channel region can cause 
loss of control over the threshold voltage of the device, 
and, in the worse case, cause the channel region to be 
short-circuited. 

One attempt at solving this problem involves incor- 
porating nitrogen into the polysilicon gate. However, this 
method has problems. First, nitrogen is a donor in sili- 
con and, therefore, it may create an n-type layer at the 
polysilicon/gate insulator interface. Hence, this would 
counteract the benefit of having boron in the polysilicon 
gate structure. Second, the common source for nitrogen 
doping is NH 3 , which introduces H and OH traps into the 
dielectric which can reduce the dielectric's charge-to- 
breakdown and degrade hot carrier stability. 

It is, therefore, an object of the instant invention to 
provide a gate structure which will properly retard boron 
penetration into the substrate through the gate insulator 
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without degrading the performance of the device. More 
generally, it is an object of the instant invention to pro- 
vide a gate structure which will inhibit the dopant used 
to make the gate structure more conductive from pene- 
5 trating into the channel region. 

SUMMARY OF THE INVENTION 

The embodiments of the instant invention provide 

10 methods which basically control the boron diffusion 
after the boron enters the gate structure but before it 
enters the gate dielectric. Using the methods of the 
instant invention, this is preferably accomplished by 
introducing dopants, other than boron, into portions of 

75 the polysilicon gate structure so as to retard the diffu- 
sion of boron through the dielectric into the substrate. 

An. advantage of the instant invention is that the 
dopants utilized in each of the embodiments are not 
effective donors or acceptors in silicon. In addition, 

20 these dopants can be readily incorporated in silicon 
using standard chemical-vapor deposition or ion 
implantation. Furthermore, the methods of the instant 
invention prevent the boron from penetrating the under- 
lying dielectric layer, thereby reducing damage to the 

25 dielectric layer. In other words, it may be desirable for 
the boron to reach the dielectric layer because this max- 
imizes inversion capacitance, which is important for 
higher drive currents. However, with standard process- 
ing (which require higher temperatures and extended 

30 times at these temperatures) the boron not only reaches 
the dielectric it rapidly passes through the dielectric and 
degrades both the device performance and the reliabil- 
ity of the dielectric. Hence, the embodiments of the 
instant invention assures that the boron does not rapidly 

35 diffuse through the dielectric without having to appreci- 
ably, reduce the time and temperature required in sub- 
sequent standard processing steps. 

An embodiment of the instant invention is a method 
of fabricating a semiconductor device which includes a 

40 dielectric layer situated between a conductive structure 
and a semiconductor substrate, the method comprising 
the steps of: forming the dielectric layer on the semicon- 
ductor substrate; forming the conductive structure on 
the dielectric layer; doping the conductive structure with 

45 boron; and doping the conductive structure with a 
dopant which inhibits the diffusion of boron. The semi- 
conductor device may be a PMOS transistor or a capac- 
itor. Preferably, the conductive structure is a gate 
structure. The dielectric layer is, preferably, comprised 

so of a material selected from the group consisting of: an 
oxide, an oxide/oxide stack, an oxide/nitride stack, and 
an oxynitride. Preferably, the dopant which inhibits the 
diffusion of boron comprises at least one group III or 
group IV element. More specifically, it is preferably com- 

55 prised of: carbon, germanium, and any combination 
thereof. Preferably, the steps of doping the conductive 
structure with boron and doping the conductive struc- 
ture with a dopant which inhibits the diffusion of boron 
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are accomplished substantially simultaneously, or the 
step of doping the conductive structure with boron is 
performed prior to the step of doping the conductive 
structure with a dopant which inhibits the diffusion of 
boron are accomplished substantially simultaneously. 

Another embodiment of the instant is a PMOS tran- 
sistor comprising: a substrate, the substrate having a 
surface; a source region formed at the surface of the 
substrate; a drain region formed at the surface of the 
substrate and spaced away from the source region by a 
channel region; a gate structure overlying the channel 
region, the gate structure comprised of boron doped 
polysilicon; a thin insulating layer situated between the 
gate structure and the substrate; and wherein the gate 
structure includes at least one dopant which inhibits 
boron diffusion. Preferably, the dopant which inhibits the 
diffusion of boron comprises at least one group III or 
group IV element. More specifically, the dopant which 
inhibits the diffusion of boron is, preferably, comprised of 
an element selected from the group consisting of: car- 
bon, germanium, and any combination thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described 
by way of example, with reference to the accompanying 
drawings in which: 

FIGURES 1-2, 3a, 4a, and 5a are cross sectional 
views of a device fabricated using the method of 
one embodiment of the instant invention. 
FIGURES 1-2, 3b. 4b, and 5b are cross sectional 
views of a device fabricated using the method of 
another embodiment of the instant invention. 
FIGURES 1-2, 3c, 4c, and 5c are cross sectional 
views of a device fabricated using the method of yet 
another embodiment of the instant invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIGURES 1-2, 3a, 4a, and 5a illustrate the method 
of one embodiment of the instant invention; FIGURES 1 - 
2, 3b, 4b and 5b illustrate the method of another embod- 
iment of the instant invention; and FIGURES 1 -2, 3c, 4c, 
and 5c illustrate the method of yet another embodiment 
of the instant invention. Since the steps illustrated in 
FIGURES 1-2 are common to all three embodiments, 
they will only be described once. 

Referring to FIGURES 1-2, for device 10 substrate 
12 is provided and thin dielectric material is formed on 
substrate 12 to form dielectric layer 14. Dielectric layer 
14 is preferably comprised of an oxide but may include 
an oxide/oxide or an oxide/nitride stack or an oxynitride. 
Preferably, dielectric layer 14 is on the order of approxi- 
mately 5 to 100 Angstroms thick for gate lengths 
between 0.18 and 0.5 urn (more preferably 5 to 45 Ang- 
stroms thick for a transistor with a gate length of 
0.1 8nm, 35 to 60 Angstroms thick for a transistor with a 



gate length of 0.25|im, 50 to 80 Angstroms thick for a 
transistor with a gate length of 0.35nm, or 70 to 100 
Angstroms thick for a transistor with a gate length of 
0.5nm). 

5 Referring to the embodiment illustrated in FIG- 

URES 3a, 4a and 5a, either in one continuous process 
step or in a series of process steps, doped polysilicon 
layer 16 and undoped polysilicon layer 18 are formed 
[preferably using low pressure chemical-vapor deposi- 

10 tion or rapid thermal chemical-vapor deposition). Prefer- 
ably, this is accomplished by doping the polysilicon 
insitu as it is deposited so as to form layer 16 and, as the 
polysilicon is still being deposited, to turn off the source 
of the dopant so as to form undoped polysilicon layer 

15 18. Doped layer 16 is preferably doped with carbon 
(preferably on the order of 0.1 to 1 .0 atomic percent) or 
germanium (preferably on the order of 1 to 30 atomic 
percent) or some combination of C and Ge (preferably 
on the order of 0.1 to 1 .0 atomic percent for C and 1 to 

20 30 atomic percent of Ge) and is preferably on the order 
of 1 0 to 60A thick. While it is preferable to dope layer 1 6 
with carbon or germanium, almost any group IV element 
(or maybe a group III element) could be used. The 
source of the germanium dopant is preferably GeH 4 

25 (SiCI 2 H 2 :GeH 4 ) and the source of the carbon dopant is 
preferably Si(CH 3 )H 2 (or possibly C(SiH 3 ) 4 ). Preferably, 
the temperature is between 550 and 700°C (more pref- 
erably around 625°C), at a pressure around 2 to 100 
Torr (more preferably around 3 Torr or 80 Torr), for a 

30 period of between 60 to 200 seconds. In addition, the 
GeH 4 :DCS ratio is preferably around 0.05 to 0.2 
depending on the temperature (more preferably around 
0.1) and the Si(CH 3 )H 3 :DCS ratio is around 0.001 to 0.1 
depending on the temperature (more preferably around 

35 0.1 and 0.002, respectively). The Ge concentration in 
the film is preferably around 25% and the concentration 
of C in the films is around 1%. 

Referring to FIGURE 5a, after undoped layer 18 is 
formed, layers 14, 16 and 18 are patterned and etched 

40 so as to form the gate structure comprised of gate insu- 
lator 15, doped layer 17, and undoped layer 19. Next, 
boron is implanted (preferably, selectively implanted) 
into layer 19 of PMOS devices so as to enhance the 
conductivity of layer 19. This boron doping may be a 

45 separate processing step, it may be accomplished at 
the same time that the source/drain regions are formed, 
or it may be accomplished prior to the patterning and 
etching of layer 18. 

Referring to the embodiment illustrated in FIGURES 

so 3b, 4b, and 5b, polysilicon layer 20 is formed on insula- 
tor 14. Preferably, this is accomplished by low pressure 
chemical-vapor deposition (LPCVD) or rapid thermal 
chemical -vapor deposition (RTCVD). Next, the boron 
diffusion retarding dopant(s) 22 is implanted into polysil- 

55 icon layer 20. As was stated above, this is preferably 
either carbon or germanium, but may also include virtu- 
ally any group III (if confined to PMOS devices) or IV 
elements. The implantation is preferably accomplished 



3 



BN8DOaD: <EP_GBSd402AaJL> 



5 



EP 0 859 402 A2 



6 



by ion implantation and may be done just prior to doping 
layer 20 with boron. Preferably, the germanium is 
implanted with an energy of around 10 to 200 keV at a 
dose of 1x10 14 to 1x10 16 ions/cm 2 and the carbon is 
implanted with an energy around 2 to 40 keV at a dose s 
around 1x10 13 to 1x10 15 ions/cm 2 . 

Referring to FIGURE 5b, after the boron diffusion 
retarding dopant(s) is implanted, layer 20 is patterned 
and etched so as to form the gate structure (comprised 
of polysilicon structure 21 and gate insulator 15). Next, 10 
boron is implanted into region 21 so as to enhance the 
conductivity of region 21. This boron doping may be a 
separate processing step, it may be accomplished at 
the same time that the source/drain regions are formed, 
or it may be accomplished prior to the patterning and 15 
etching of layer 20. 

Referring to the embodiment illustrated in FIGURES 
3c, 4c, and 5c, polysilicon layer 24 is formed on insula- 
tor 1 4. Preferably, this is accomplished by low pressure 
chemical-vapor deposition (LPCVD) or rapid thermal 20 
chemical-vapor deposition (RTCVD). Layer 24 is pat- 
terned and etched so as to form the gate structure 
(which includes polysilicon region 28 and gate insulator 
26). Next, a patterning layer is formed over the entire 
device whereby only PMOS devices are exposed such 25 
that the boron diffusion retarding dopant(s) 30 is 
implanted only into the gate structures and source/drain 
regions of the PMOS devices. As was stated above, 
dopant 30 is preferably either carbon or germanium, but 
may also include virtually any group III or IV element. 30 
The implantation is preferably accomplished by ion 
implantation and is preferably done prior to doping 
region 28 with boron. Preferably for the carbon implan- 
tation the energy level is on the order of 2 to 40 keV 
(more preferably on the order of 20 keV) and the dose is 35 
around 1x10 13 to 1x10 15 /cm 2 (more preferably around 
1x10 14 /cm 2 ) and this may be obtained from a chained 
implant at several energies to obtain a relatively uniform 
carbon distribution throughout the polysilicon. Prefera- 
bly, for the germanium implant the implantation energy 40 
level is on the order of 10 to 200 keV (more preferably 
on the order or 100 keV) and the dose is around 1x10 14 
to 1x10 16 /cm 2 (more preferably around 1x10 15 /cm 2 ) 
and this may be obtained from multiple implants to 
obtain a relatively uniform germanium distribution 45 
throughout the polysilicon. While it is preferable to use 
the above values, these implants should not penetrate 
the gate completely, thereby risking damage to the die- 
lectric layer, and for carbon or germanium implanting 
subsequent to source/drain implantation, the carbon or so 
germanium should not be so deep as to cause leakage 
in the source/drain regions. 

Next, boron is implanted into region 28 so as to 
enhance the conductivity of region 28. This boron dop- 
ing may be a separate processing step, it is accom- 55 
plished at the same time that the source/drain regions 
are formed and just after the implantation of boron diffu- 
sion retarding dopants 30. 



Although specific embodiments of the present 
invention are herein described, they are not to be con- 
strued as limiting the scope of the invention. Many 
embodiments of the present invention will become 
apparent to those skilled in the art in light of methodol- 
ogy of the specification. 

Claims 

1. A method of fabricating a semiconductor device 
having a dielectric layer disposed between a con- 
ductive structure and a substrate, said method 
comprising the steps of: 

forming said dielectric layer on said substrate; 
forming said conductive structure on said die- 
lectric layer; 

doping said conductive structure with boron; 
and 

doping said conductive structure with a dopant 
that inhibits the diffusion of boron. 

2. The method of claim 1 , further comprising perform- 
ing said steps of forming and doping to fabricate a 
semiconductor device comprising a PMOS transis- 
tor or a capacitor. 

3. The method of Claim 1 or Claim 2, wherein said 
step of forming said conductive structure comprises 
forming a gate structure. 

4. The method of any preceding claim, wherein said 
step of forming said dielectric layer comprises form- 
ing a dielectric layer from a material selected from a 
group of materials comprising: an oxide, an 
oxide/oxide stack, an oxide/nitride stack, and an 
oxy nitride. 

5. The method of any preceding claim, wherein said 
step of doping said conductive structure comprises 
doping said conductive structure with a dopant that 
inhibits the diffusion of boron comprising at least 
one group III or group IV element. 

6. The method of any preceding claim, wherein said 
step of doping said conductive structure comprises 
doping said conductive structure with a dopant that 
inhibits the diffusion of boron comprising an ele- 
ment selected from a group of elements compris- 
ing: carbon, germanium, or a combination thereof. 

7. The method of any preceding claim, further com- 
prising: 

performing said steps of doping said conduc- 
tive structure with boron and doping said con- 
ductive structure with a dopant that inhibits the 
diffusion of boron substantially simultaneously. 
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8. The method of any of Claims 1 to 6. further com- 
prising; 

performing said step of doping said conductive 
structure with boron prior to said step of doping s 
said conductive structure with a dopant that 
inhibits the diffusion of boron. 

9. A PMOS transistor comprising: 

10 

a source region formed over a surface of a sub- 
strate; 

a drain region formed over said surface of said 
substrate and spaced from said source region 
by a channel region; is 
a gate structure overlying said channel region 
comprising boron doped polysilicon; 
a thin insulating layer disposed between said 
gate structure and said substrate; and 

wherein said gate structure comprises 20 
at least one dopant that inhibits boron diffusion. 

1 0. The transistor of Claim 9, wherein said dopant that 
inhibits the diffusion of boron comprises at least 
one group III or group IV element. 25 

11. The method of Claim 9 or Claim 10, wherein said 
dopant that inhibits the diffusion of boron comprises 
an element selected from a group of elements com- 
prising: carbon, germanium, or a combination 30 
thereof. 
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(54) Method of manufacturing a MOS electrode 

(57) An embodiment of the instant invention is a 
method of fabricating a semiconductor device which 
includes a dielectric layer situated between a conduc- 
tive structure and a semiconductor substrate, the 
method comprising the steps of: forming the dielectric 
layer (layer 14) on the semiconductor substrate (sub- 
strate 12); forming the conductive structure (structure 
18) on the dielectric layer; doping the conductive struc- 
ture with boron; and doping the conductive structure 
with a dopant which inhibits the diffusion of boron. The 
semiconductor device may be a PMOS transistor or a 
capacitor. Preferably, the conductive structure is a gate 
structure. The dielectric layer is, preferably, comprised 
of a material selected from the group consisting of: an 
oxide, an oxide/oxide stack, an oxide/nitride stack, and 
an oxynitride. Preferably, the dopant which inhibits the 
diffusion of boron comprises at least one group III or 
group IV element. More specifically, it is preferably com- 
prised of: carbon, germanium, and any combination 
thereof. Preferably, the steps of doping the conductive 
structure with boron and doping the conductive struc- 
ture with a dopant which inhibits the diffusion of boron 
are accomplished substantially simultaneously, or the 
step of doping the conductive structure with boron is 
performed prior to the step of doping the conductive 
structure with a dopant which inhibits the diffusion of 



boron are accomplished substantially simultaneously. 
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